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Abstract. Universal Design is a fundamentals of good design. A product with Universal Design 
approach should provide wide range of solution for people with different purposes including 
those with diverse disabilities. However, designers often based on a subjective understanding of 
Universal Design Principles (UDP) to formulate design solutions.  This result in the inaccurate 
conversion of design needs. A systematic approach is needed in order to develop a concept to 
meet the customer need. Previous studies shown potential integration of the Theory of Inventive 
Problem Solving (TRIZ) proposed to create a systematic approach for problem-solving requires 
creativity abilities. The purpose of this study is to explore the construction of the integration 
model of UDP and TRIZ 40 inventive principles. To construct the integration model of UDP and 
TRIZ 40 inventive principles, this study will use focus group discussion of certified TRIZ experts 
in the exploration of establishing an integration model of UDP and TRIZ 40 inventive principles. 
The further discussion onto the elements required to create the integration model by the TRIZ 
experts will be taken into consideration to construct a final model UDP-TRIZ model. Finally, 
the results are expected to lead towards a final integration model of the UDP and TRIZ 
integration model. 
1. Introduction 
In recent years, there has been an increasing interest in Universal Design for the disabled product.[1]. A 
study by Van der Linden (2016) [15] stated the main reason this limited adoption of universal design is 
unclear. This limited adaptation is influenced by the lack of appropriate information in the design 
approach, thus affecting the understanding of designers influencing the designer approach. Van der 
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Linden (2016) [15] conclude in the study that was focusing too much on universal design legislation 
discouraged the designer’s creative process. 
This hypothesis is supported by Ko [2], who stated conceptual design is a critical activity during the 
early phase of the product design process, where most creative ideas are generated within this process. 
Therefore, there is a need to develop a systematic universal design approach for this situation. One of 
the solution is the idea of integrating TRIZ with UDP approach proposed by Shahrin et al (2019) [3]. 
This paper presents the relationship between UDP and TRIZ 40 inventive principles. Each UDP is 
considered as an improving parameter, and each TRIZ 40 inventive principles is examined to fit the 
UDP. The relationship between corresponding TRIZ 40 inventive principles with UDP guidelines is 
identified by six Malaysia certified TRIZ experts. 
2. Universal Design Principles 
Universal Design, also known as “Inclusive Design” in the United Kingdom and “Design-for-All” in 
Europe, is not only a special requirement for the benefit of only a minority of the population [4], [5]. 
But it is a fundamental requirement of good design. However, in achieving universal design, there are 
significant drawbacks among designers. Designer’s lack of experience and understanding of the 
condition of the disable people lead to inaccurate conversion in design needs [6] [15]. The purpose of 
the UDP is to embody the entirely concept of universal design. UDP provides an improved solution for 
people with diverse abilities. Universal Design Handbook has developed seven UDP[7]   
 
Table 1. Universal Design Principle [7]. 
UDP1 Equitable Use 
UDP2 Flexibility in Use 
UDP3 Simple and Intuitive Use 
UDP4 Perceptible Information 
UDP5 Tolerance for Error 
UDP6 Low Physical Effort 
UDP7 Size and Space for Approach and Use 
A set of guidelines for each UDP has been developed as a critical element that should be 
implemented in the design process. The primary purpose of this detailed guideline is to evaluate, guide 
and educate designers and consumers, focusing on the usability of a product or environment [7]. Detail 
guidelines for each UDP are shown in Table 2. 
 
Table 2. UDP Guidelines [7]. 
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In spite of the UDP guidelines are prepared to improve the design, the real application in design 
practice merely only a formulation and a matter of opinion among designers [1][8]. The claim is 
backed by a statement from Mustaquim (2015) [9]that claims existing theoretical guidelines fail to 
contribute to the real application of universal design. There are no standard ways to evaluate UDP in 
terms of product performance that meet customer needs [9], [3]. 
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Therefore, there is a need for integrating UDP with other methods to develop a systematic approach in 
order to improve a design involving disable people [8]. Integration with another tools is needed to 
identify the needs of UDP-related users to provide the best solution. 
3. Theory of Inventive Principles (TRIZ) 
To explore the potential of using TRIZ in the UDP approach, the previous study related to the 
integration of TRIZ reviewed. 4 integration of TRIZ is highlighted in this chapter. 
3.1. Integration 1 
A study by Pelt (2011) stated TRIZ has been widely applied to consumer product development, which 
needs to provide conclusive solutions and technical problems of customer needs [10]. This paper 
proposed an integration between TRIZ and human-centered design (HCD) using “Use”, “Usability”, 





Figure 1. Diagram illustrating the different emphases of TRIZ and HCD [10]. 
 
Nevertheless, this study only discusses the potential of application of TRIZ within “Use”, “Usability” 
and “Meaning” elements. This study concludes that from the potential of the application using TRIZ 
with “Use”, “Usability” and “Meaning”, there is an opportunity to adapt specific tools to understand 
consumer needs as TRIZ does not provide tools to understand consumers. This paper highlights the 
efforts made by Mann (2006) [17], Runhua (2002) [18], and Hipple (2006) [19] to understand the needs 
of the consumer in TRIZ. 
Exploring previous research on TRIZ and UDP integration, similar literature of integrating TRIZ 
approach in universal design is reviewed. 
3.2. Integration 2 
A study conducted by C. M. Yang et al., (2010) [11] proposed a TRIZ-based innovative product design 
process that incorporates UDP. This study shows the importance of UDP through the whole product 
development process. However, this study only proposed an approach to evaluate the performance of 
each UDP using the Product Performance Program (PPP) in order to formulate the problems using the 
3-step inventive problem-solving procedure in order to use the TRIZ contradiction matrix.  
3.3. Integration 3 
Jou (2013) [12] in his study attempted to integrate TRIZ with Taguchi’s method in order to optimize 
process parameters of surface mount technology (SMT) assembly for core circuit board parts. It aims to 
optimize solder paste thickness during the solder paste printing process. This study integrates TRIZ and 
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Taguchi’s method by revising the TRIZ contradiction matrix. The 39 parameters of TRIZ in worsening 
features is replaced with 13 parameters influencing the unevenness of solder paste. From the outcome 
of this study, he suggested that the integration of TRIZ and Taguchi’s method is possible. The 
improvement in the single-to-noise ratio after the improvement using in confirmation experiment affects 
the lower rate of the defect. 
3.4. Integration 4 
Another sample of study TRIZ integration with the established method is reviewed. A study by Liu 
(2001) [13] developed a green innovation design method based on TRIZ innovative design methods. 
This study developed a table of the relationship between TRIZ 39 parameters and eco-efficiency 
elements. Each eco-efficiency element's properties are reflected in TRIZ 39 parameters. The main idea 
of this study is to translate the eco-efficiency problem to the TRIZ problem. As an example, “material 
intensity” is reflected in the closely related engineering parameter of TRIZ, such as weight, dimensions, 
shape and the number of materials used. A potential solution is proposed referring to TRIZ 40 inventive 
principles. However, the relationship between eco-efficiency and TRIZ 39 parameters established by 
this study did not involve any TRIZ experts. 
4. Methodology 
The main objective of this study is to focus on the integration between TRIZ and UDP to understand the 
design needs required by the consumer. In order to achieve this objective, this paper will simplify the 
process proposed by Yang et al., (2010) [11] to construct the UDP and TRIZ 40 inventive principles 
relationship systematically. 
To establish the relationship between UDP and TRIZ 40 inventive principles, the participation of 
certified TRIZ experts is needed. Group of 6 certified Malaysian TRIZ experts examined all UDP and 
try to establish a relationship with TRIZ 40 inventive principles. TRIZ 40 inventive principles is listed 
in Table 3.  Each UDP is considered as an improving parameter, and each TRIZ 40 inventive principles 
is examined to fit the UDP.  In order to establish the relationship, the problem of each UDP guideline is 
transferred to the TRIZ problem.   
 
Table 3. TRIZ 40 Inventive Principles [14]. 
 
The relationship between UDP and TRIZ 40 inventive principles is mapped using a table adapted 
from the study of Yang et al., (2010) [11], as shown in Table 4. After establishing this relationship, 
feedback from all TRIZ experts is gathered in a focus group discussion. The objective of this focus 
group discussion is to collect feedback from the TRIZ experts on the overall process mapping the 
suitability of 40 TRIZ 40 inventive principles with UDP. Comments from TRIZ experts will take into 
consideration to develop a more robust integration model of UDP and TRIZ. 
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Table 4. UDP – TRIZ 40 Inventive Principles Mapping Tables. 
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To establish the relationship between UDP and TRIZ 40 inventive principles, the experts examine the 
definition of each UDP guideline carefully.  Experts try to use synonym keywords in order to correlate 
UDP and TRIZ 40 inventive principles.  Experts also use various examples to illustrate the definitions 
of each UDP for better understanding. This allows the experts to view the extent of the issues that the 
guidelines want to resolve. By the end of the session, all experts agree with the final relationship 
established. The result is shown in Table 5: 
 
Table 5. Result of UDP – TRIZ 40 Inventive Principles Mapping Tables. 
Principle Guideline TRIZ 40 inventive principles 
UDP1 
Equitable Use 
1a 6, 26, 33, 40 
1b 6 
1c 6, 5, 11 
1d 6, 5, 30 
UDP2 
Flexibility in Use 
2a 6, 4, 7 
2b 6, 13, 17 
2c 6, 4, 7 
2d 6, 7, 15 
UDP3 
Simple and Intuitive Use 
3a 3, 6 
3b 25, 6 
3c 25, 6 
3d 3, 6 
3e 23, 32 
UDP4 
Perceptible Information 
4a 6, 18, 19, 32 
4b 6, 18, 19, 32 
4c 6 
4d 6, 24, 26, 35, 36 
UDP5 
Tolerance for Error 
5a 2 
5b 10, 16 
5c 2, 6, 9, 11, 22, 34 
5d 2, 9, 10, 23 
UDP6 6a 6, 4, 12, 15, 24, 28, 29, 39 
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Low Physical Effort 6b 6, 4, 8 
6c 8, 12, 14, 20, 27 
6d 20 
UDP7 
Size and Space for Approach and Use 
7a 6, 1, 7 
7b 6, 37 
7c 6, 7 
7d 6, 24, 39 
 
Three TRIZ 40 inventive principles was found uncertain to be correlate with any UDP guidelines. 
They are:  
5.1. Skipping 
This principle defines as a process using high speed. The process involves a destructible, harmful, or 
hazardous operation [14]. This process is not suitable for people with disabilities. 
5.2. Porous Materials 
This principle defines use of porous object in design [14].  There is no related UDP highlighting selection 
of materials. Thus this principle is uncertain with any UDP at the moment. 
5.3. Strong Oxidants 
This principle defines use of oxidizing agent in the process [14]. There is no related UDP highlighting 
usage of oxidizing agent. Thus this principle is uncertain with any UDP. 
 
However, experts have agreed that all three of these principles are not yet fully removed from this 
relationship. It is possible for these three TRIZ 40 inventive principles can relate to UDP. Experts 
suggesting the usage of the TRIZ contradiction matrix is needed. 
 
 
Figure 2. Discussion session with certified Malaysian TRIZ experts. 
 
In the discussion, experts agree the potential of the integration will benefit on product design. It could 
improve the idea generation process of designers to become more focused and organized in designing 
for disabled people. According to the experts, both TRIZ and UDP methods are possible to cooperate. 
In practice, UDP is a guideline for a designer for consideration before generating ideas, whereas TRIZ 
can be used to identify, analyze and provide a solution to the problem. Besides, TRIZ is more towards 
analysis on existing product and problem solving; thus, TRIZ can be used for the future development of 
products incorporating UDP in the process. 
TRIZ and UDP integration is something very new, and it is possible to be done. In another opinion, 
the experts stated UDP is more focused on the disabled people, while the TRIZ inventive is for a wide 
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range of users. Experts expect that the outcome of this UDP and TRIZ model can be a tool to shorten 
design time and reduce complexity in finding solutions. 
 
In order to improve the integration, experts suggest an analogical or technical approach to establish 
a relationship between UDP and TRIZ 40 inventive principles. Another comment from the experts said 
that TRIZ solves a problem using generic keywords and principles. Therefore, keywords and synonyms 
between UDP and TRIZ are helpful in establishing the relationship. Lots of linguistic understanding is 
needed in order to establish a relationship. 
However. the experts struggle to understand clearly the reference of UDP. This situation also stated 
in the study of Van der Linden (2016) [15]. Experts suggest including TRIZ 39 parameters to improve 
the model. The parameters can be translated in the form of products, that can help identify TRIZ 40 
inventive principles much more accurate. 
Experts also found the similarity in each UDP guideline with TRIZ 39 parameters.  Each UDP 
guideline explains the parameter of the product. Thus, mapping with TRIZ 39 parameters is possible. 
Using TRIZ 39 parameters will significantly improve the suitability with UDP. In order to establish an 
integration model, experts suggest adaptation onto the existing TRIZ contradiction matrix incorporating 
the UDP as part of the contradiction parameters. The suggestion is similar to the previous study by Liu 
(2001) [13]. The TRIZ 39 parameters are listed in Table 6. 
 
Table 6. TRIZ 39 Parameters [14]. 
6. Conclusion 
To improve the integration between UDP and TRIZ, an adaptation of the TRIZ contradiction matrix is 
needed. The incorporation of UDP with TRIZ 39 parameters is important. The TRIZ contradiction 
matrix for solving technical contradictions will be the base platform for the incorporation of the UDP-
TRIZ model. 
In the vertical description of Matrix is the TRIZ 39 parameters for a designer to improve. The 
horizontal description of Matrix shows the translated UDP guidelines associated with each UDP. The 
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Figure 3. UDP – TRIZ Matrix 
 
UDP guidelines should be translated into TRIZ 39 Parameters. This translation is similar to the 
previous study by Liu (2001) [13], where each UDP guideline to be examined and the relationship 
between UDP and TRIZ 39 parameters shall correlate.  For example, UDP guideline 7a, “It is easy for 
a person of any size to see all the important elements of this product from any position (e.g., standing 
or seated)”, it can match with TRIZ 39 parameters number 12 “shape”.  Thus, UDP 7a will be translated 
to TRIZ 39 parameters 12. 
There is a possibility; single UDP guidelines translation may match with more than one TRIZ 39 
parameters. Original TRIZ contradiction matrix for solving technical contradictions will use as a 
reference to map the TRIZ 40 inventive principles into the UDP-TRIZ model. The contradiction between 
improving parameters with associated worsening parameters will result in suggestions of up to four 
TRIZ 40 inventive principles. Therefore, the TRIZ 40 inventive principles propose in the matrix will be 
mapped to the UDP-TRIZ model. The conversion and finalization of UDP guidelines to TRIZ 39 
parameters is still a work in progress. 
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